M ethotrimeprazine (MTMZ) is a phenothiazine derivative related to chlorpromazine. Several earlier reports have indicated that MTMZ has analgesic properties and produces dose-related analgesia that is comparable with that of opioid analgesics (1-6). MTMZ has been reported to be effective for the treatment of various types of clinical pain, such as herpes zoster pain (l), can- 
cer pain (2) and postoperative pain (3, 4, 7) . More recently, MTMZ has been successfully employed for the relief of cancer pain (8) and migraine headaches (5, 6) .
The relatively small number of recent clinical reports indicates that MTMZ is infrequently used for the treatment of persistent pain. One reason may be that the agent belongs to a class of medications, phenothiazines, that is not associated with the traditional analgesics -nonsteroidal anti-inflammatory drugs and narcotics -commonly used to treat pain. However, several studies have found that some phenothiazines have apparent analgesic properties. For example, Merskey and Hester (9) reported that pericyazine provided pain relief for a patient suffering from causalgia as a consequence of a partial right median nerve lesion. At one stage during treatment the dose of pericyazine was reduced, whereupon the pain returned. When the dose of pericyazine was restored, the pain was abolished within two days. These authors noted some drowsiness with pericyazine but the effect was not significant; the patient continued with her daily routine and remained pain-free. Rodgers (8) reported the use of MTMZ in a patient sensitive to opioids who had adenocarcinoma of the right lung and possible bowel shutdown. MTMZ 10 mg intramuscularly provided adequate relief for the patient's abdominal pain and induced mild sedation.
A second reason for the infrequent use of MTMZ may be its associated side effects. McGee and Alexander (10) argued that the analgesic properties reported by earlier studies may be attributed to MTMZ's sedative effects. Although the sedative effect has been noted by all investigators, it does not seem to present a serious deterrent to the effective use of the drug for its analgesic properties. The development of side effects associated with MTMZ, and phenothiazines in general, seems to be proportional to the total quantity taken over time (ll). Some side effects, such as tardive dyskinesia, may occur even with low doses taken over several months (12) . The dose required for pain relief (6 to 25 mg/day) is a fraction of the dose required for antipsychotic effects (50 to 1000 mg/day) (13) . Used at levels for pain relief, MTMZ may cause side effects such as hypotension, tardive dyskinesia, delirium and dysphoria, but these are relatively rare and can be controlled by careful monitoring of the patient. Dysphoria, moreover, may be controlled with antidepressants (9) .
We are aware of only one study that has examined the analgesic properties of MTMZ using an animal pain model. Maxwell et al (14) compared the analgesic properties of MTMZ with morphine in mice by measuring the number of shocks to the tail required to produce a squeak response. They found that the analgesic effect of MTMZ (indicated by a significant increase in number of shocks) was almost equal to that of morphine at lower doses. They also noted that the dose of MTMZ necessary for analgesia also produces marked sedation.
The number of effective analgesic drugs is limited, and when a trial of opioid medications fails to relieve pain it is necessary to turn to other treatment options. A recent review of adjuvant analgesics (11, 15) indicated that MTMZ reliably produces dose-related analgesia. Side effects are a challenge to initiate research, which may lead to new, related drugs in a class that merits further examination.
The infrequent use of MTMZ to treat persistent pain and the lack of recent animal studies have lead us to re-examine the analgesic properties of MTMZ in an animal model of tonic pain. In this report we examine the analgesic efficacy of MTMZ in a dose-related design and measure the ability of naloxone, a nonspecific opioid antagonist, to alter MTMZ-induced analgesia using the formalin test, a tonic animal pain model.
ANIMALS AND METHODS
Male Sprague-Dawley rats (Charles River Co) weighing between 275 and 300 g were used. Animals were housed in pairs, maintained on a 12 h light/12 h dark cycle and allowed free access to food and water. The experimental procedure was approved by the McGill University Animal Care Committee.
Experiment 1
The analgesic properties of three doses of MTMZ were assessed. Rats were randomly assigned to receive one of four drug treatments: 0.0 mg/kg MTMZ (saline control, n=10); 2.5 mg/kg MTMZ (n=10); 5.0 mg/kg MTMZ (n=10); or 10.0 mg/kg MTMZ (n=10). The four vials containing the agents were coded before the experimental procedure to ensure that the experimenter was blind to the drug condition.
On the day of testing rats were allowed a 20 min habituation period to a 30 x 30 x 30 cm plexiglas test chamber. A mirror was placed at a 45°angle underneath the floor of the chamber to facilitate viewing of the animals. Following habituation, one of the four drug doses was administered subcutaneously, followed by a 30 min drug absorption period. The duration of the absorption period was determined by a previous report (14) indicating that, in mice, the effect of MTMZ on the response to electrical stimulation of the tail and locomotor activity is apparent at 30 mins, and maximal at approximately 1 h after administration.
Each rat was administered a 0.05 mL injection of 2.5% formalin into the plantar surface of one hind paw. Pain responses were recorded using a pain scale of 0 to 2. A score of 0 was assigned if the injected paw was in contact with the test floor; 1 if the injected paw was completely elevated or only the tips of the digits were in contact with the test floor; or 2 if the rat licked or bit the injected paw. The behaviour of each animal was scored continuously during the 60 mins after the formalin injection.
There is a biphasic response to formalin injection (16 (14) . In view of the reported sedative properties of MTMZ at doses that produce an apparent analgesic action, the animals' activity level for each dose was monitored continuously during the entire 60 min formalin test procedure. The floor of the test chamber was divided into four equal quadrants. A line crossing was recorded whenever both ears of a rat crossed over the boundary that defined the edge of a quadrant. This particular measure of motor behaviour allowed for the concomitant measure of sedation and formalin pain responses. The mean number of line crossings (used as an index of sedation) for each group was calculated for first phase formalin responses (0 to 5 mins after the formalin injection) and second phase formalin responses (30 to 60 mins postinjection).
Experiment 2
The lowest dose of MTMZ with analgesic properties in experiment 1 (5.0 mg/kg) was used in experiment 2 to assess whether the analgesia is due to activation of endogenous opioid systems. All rats were allowed a 20 min habituation period to the test chamber and then administered 5.0 mg/kg MTMZ. Ten minutes later animals were selected randomly to receive either 3.0 mg/kg naloxone (5.0 mg/kg MTMZ and naloxone, n=10) or an equivalent volume of saline (5.0 mg/kg MTMZ and saline, n=10). The vials containing either naloxone or saline were coded before the experimental procedure to ensure that the experimenter was blind to the drug condition. The formalin test procedure and the measure of activity level were carried out 20 mins later using the methods outlined in experiment 1. At the end of the study the vial identification codes were broken, and the identity of the test drug administered to each animal was determined.
RESULTS

Experiment 1
Mean pain scores during phase 1 responding (0 to 5 mins postinjection) and phase 2 responding (30 to 60 mins after formalin injection) of rats that received saline, 2.5 mg/kg MTMZ, 5.0 mg/kg MTMZ or 10 mg/kg MTMZ are illustrated in Figure 1A . Nonparametric analysis (Kruskall-Wallace) on first phase responding revealed no significant mean pain score differences among the groups (H=6.17, P>0.05). Nonparametric analysis (Kruskall-Wallace) on second phase responding revealed a significant difference of mean pain scores among the groups (H=12.55, P<0.01). Further analysis (MannWhitney U test) indicated that both the 5.0 mg/kg MTMZ and 10.0 mg/kg MTMZ groups had lower mean pain scores compared with both the saline and 2.5 mg/kg MTMZ groups. The 2.5 mg/kg MTMZ group was not significantly different from the saline control group. Sedation effects were studied by using the line crossing test concomitantly with the formalin test. The mean number of line crossings during phase 1 responding (0 to 5 mins after the formalin injection) and phase 2 responding (30 to 60 mins postinjection) is illustrated in Figure 1B . Parametric analysis (ANOVA) revealed a significant difference among the groups during phase 1 responding (F3,36=2.96, P<0.05). Further analysis (protected t test) indicated that the 5.0 mg/kg MTMZ group made significantly fewer line crossings than the saline control group. Parametric analysis (ANOVA) during phase 2 responding also revealed a significant difference among the groups (F3,36=3.52, P<0.05). Further analysis (protected t test) indicated that the 2.5 mg/kg MTMZ, 5.0 mg/kg MTMZ and 10.0 mg/kg MTMZ groups had significantly fewer line crossings compared with controls.
If sedative effects account for the apparent analgesic properties of MTMZ, then a positive relationship may exist between increased degree of sedation and increased degree of analgesia. Overall analysis (Spearman correlation coefficient) during the second phase, using all animals that received MTMZ, revealed no significant relationship between number of line crossings and mean pain score
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Methotrimeprazine analgesia (r=-0.04, P>0.80). The lack of relationship most likely reflects the group data, demonstrating that decreased mean pain scores are associated with increased number of line crossings (Figure 1 ). Consequently, the relationship between mean pain score and number of line crossings was explored for each dose of MTMZ from 30 to 60 mins after the formalin injection. Analysis (Spearman correlation coefficient) revealed no significant relationship between number of line crossings and mean pain score at any dose of MTMZ. Therefore, although higher doses of MTMZ produce both sedative and analgesic effects (Figure 1) , there is no indication that increased degree of sedation is correlated with increased degree of analgesia.
Experiment 2
Mean pain scores during phase 1 responding (0 to 5 mins after the formalin injection) and phase 2 responding (30 to 60 mins postinjection) of rats that received MTMZ and either naloxone (5.0 mg/ kg MTMZ and naloxone) or saline (5.0 mg/kg MTMZ and saline) are illustrated in Figure 2A . Nonparametric analysis (MannWhitney U test) revealed no significant group differences during either first or second phase formalin responding. The mean number of line crossings during phase 1 responding (0 to 5 mins after the formalin injection) and phase 2 responding (30 to 60 mins postinjection) is illustrated in Figure 2B . Parametric analysis (ANOVA) revealed no significant group difference during either first phase or second phase formalin responding.
DISCUSSION
The purpose of this study was to investigate the analgesic properties of MTMZ in a dose-related design and to determine whether the analgesia is due to activation of endogenous opioid systems. Although MTMZ failed to produce a significant decrease during first phase formalin responses, there was a significant decrease in second phase formalin responses for both the 5.0 mg/kg and 10.0 mg/kg MTMZ doses, but not for the 2.5 mg/kg MTMZ dose. This study supports results from earlier studies that found analgesic properties of MTMZ in mice using a phasic pain test (14) and clinical studies reporting MTMZ to be effective for the treatment of various types of pain (1-8) .
The analgesic properties attributed to MTMZ may be the result of sedative effects (10) . Indeed, clinical studies have reported that the average level of sedation is much greater with MTMZ than with morphine (1,2,4,7). The sedative effects of chronic MTMZ treatment for cancer pain are unpredictable (2) . Some patients tolerated repeated administration of the drug while others reported significant and long-lasting sedation after a single administration. Patients may overcome the sedative effect after a few days, and the dose may be increased to provide better analgesia (8) .
The sedative effects associated with MTMZ were also found in the present study. It is possible that the decrease of formalin responses obtained at higher doses is not due to analgesic properties of the drug, but rather reflects the drug's general sedative properties. However, several forms of evidence suggest that although MTMZ possesses significant sedative effects, it may also possess intrinsic analgesic properties. For example, during first phase responding the 5.0 mg/kg MTMZ group made significantly fewer line crossings (indicating increased sedation) compared with controls ( Figure 1B ) even though there was no significant associated decrease in first phase pain responding between these groups ( Figure 1A ). During second phase responding, the formalin responses of the saline control and 2.5 mg/kg MTMZ groups did not differ ( Figure 1A ) even though 2.5 mg/kg MTMZ produced a significantly greater sedative effect ( Figure 1B) . It should also be noted that the 5.0 mg/kg MTMZ and 10.0 mg/kg MTMZ groups had lower formalin responses compared with the 2.5 mg/kg MTMZ group ( Figure 1A ), but there was no difference among these groups in the number of line crossings ( Figure 1B ). In addition, statistical analysis revealed that there was no significant correlation between degree of sedation and analgesia at any dose of MTMZ. At any particular dose, increased degree of sedation did not correlate with increased analgesic effect. However, the interpretation of the lack of such a correlation must be made with caution since the sedative effects seem to reach a maximum at a dose of 2.5 mg/kg, which is below the dose producing analgesia.
We believe that the results suggest that MTMZ has analgesic properties in addition to its obvious sedative effects. This conclusion is supported by clinical reports of tolerance to the sedative effect without a concomitant decrease in the efficacy of the analgesic effect (8) , further indicating that the analgesic properties of MTMZ are not produced by its sedative properties. However, the results are not conclusive and further research is needed, particularly with hu- Figure 2 ) A Mean formalin pain responses for the group that received 5.0 mg/kg methotrimeprazine (MTMZ) and naloxone (n=10) or 5.0 mg/ kg MTMZ and saline (n=10). B Mean number of line crossings during first phase and second phase formalin responses mans, to provide subjective reports that will allow discrimination between the two effects. Use of the McGill Pain Questionnaire together with a battery of tests of cognitive alertness will provide indexes of the relative effects of MTMZ on analgesia and sedation. The sedative effects associated with the doses of MTMZ required for analgesic effects warrant caution for further research using animal models, and research may examine the possibility that repeated administration of MTMZ may overcome the sedative properties of the agent.
The underlying mechanism associated with the analgesic properties of MTMZ remains unknown. However, the lack of an effect by a relatively large dose of naloxone (3 mg/kg) indicates that the analgesia produced by 5.0 mg/kg MTMZ is nonopioid-mediated. Although this result is not surprising, given the possible involvement of dopaminergic action for the drugs's antipsychotic effect (17), we deemed it important to eliminate an opioid mechanism of action because of the important clinical implications. The nonopioid mechanism of action makes this agent potentially useful for pain relief in patients who are unresponsive to more conventional pharmacological approaches, or when opioid medications are contraindicated due to a previous history of substance abuse and severe negative reactions to opioid medications. Future research concerning possible mechanisms of action should concentrate on the possible involvement of dopaminergic and noradrenergic systems using the appropriate antagonists.
CONCLUSIONS
MTMZ is a phenothiazine derivative not commonly employed as a pharmacological agent to treat chronic pain. The present experiment demonstrates that, although MTMZ elicits significant sedative effects, it can produce a dose-dependent analgesia using a tonic animal pain model. These findings have significant clinical implications since few drugs have the analgesic potency of the opioids and the potential to treat persistent pain (11, 15) . The fact that MTMZ is a nonopioid and belongs to a class of drugs that is relatively unexplored in relation to pain and analgesia, indicates that it may provide information for the development of new pharmacological agents for treating persistent pain. MTMZ has apparent analgesic properties and merits further research. The present study shows that the formalin test provides an effective animal model.
